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Chris Field 
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• What does current evidence say about future risks? 
• Where are the gaps in understanding? 
Climate change impacts: 




•  Economic base 
– Agriculture & forestry 
–  Recreation 
•  Ecosystem function – Ecosystem services 
– Wildfire 
–  Pests & pathogens 
–  Climate feedbacks 
–  Biological diversity 
Climate change & Western ecosystems 
• Changes that have already occurred 
• Range of possible future changes 
More than 30% increase in atmospheric CO2 since the 
beginning of the industrial revolution 
Change of temperature index based on local linear trends 
1950-2005 annual mean = 1.0ºF 
Updated from:  Hansen et al. 1999.  JGR 
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Temperature trend, 1950 to 2005  (ºF) 
Longer US growing season over the last 
50 years 
Trends in global plant growth 
•  Satellite data: 1982-1999 
•  6% increase globally 
•  Nemani et al. 2003. Science 
Responses to earlier springs 
•  Average advance in signs of 
spring: 2.3 days/decade 
–  Budburst, flowering, nesting, 
fledging, etc. 
–  172 species (trees, shrubs, 
herbs, butterflies, birds, 
amphibians, fish 
•  Parmesan & Yohe 2003 Nature v 421 
p 37 
•  Advancing bud-burst date:  
–  2.5 days/decade 
–  1900-1998 
–  Aspen in Edmonton 
•  Beaubien & Freedland. 2000. Int J. 
Meteorol. 
Altered range limits 
•  Average change in “cold” limit: 
4 miles/decade North or  
20’ higher/decade 
–  99 species (plants, birds, & 
butterflies) 
•  81% of range changes in  
expected direction 
–  372 species (trees, shrubs, 
herbs, birds, mammals, reptiles, 
amphibians, fish, insects, & 
marine invertebrates) 
•  Parmesan & Yohe. 2003. Nature 
But not all plants and animals are 
equally good at moving 
•  Rare or endangered 
species are often rare 
because they are poor 
at moving 
•  Invasive species are 
typically very good at 
getting established in 
new locations 
Wildfire and warming 
Gillett et al. 2004. Geophys. Res. Lett. 
Trends in US agriculture 
•  Over the last 50 years, 
yields of US corn & 
soybeans increased  
1-2%/year 
•  But year-to-year 
increases were larger in 
cooler years and smaller 
in warmer years 
•  A warming of 1º F 
decreased yields by 9% 
•  Lobell & Asner. 2003 Science 
Climate-change responses are already clear 
•  Plant growth 
•  Signs of spring 
•  Range shifts 
•  Wildfire 
•  Agriculture yields 
•  The long-term impact of these 
responses is not yet clear 
–  Biological diversity 
–  Healthy ecosystems 






















3 approaches to understanding future impacts 
• GCM scenarios 
– Role of model uncertainty 
– Role of emissions pathway 
• Statistical analysis of past trends 
– Vast database 
– Access to indirect effects 
• Empirical studies 
– Access to poorly known mechanisms 
– Access to indirect and interactive effects 
But each approach has limitations --  
•  GCM scenarios 
– Many processes are not in the models 
–  Climate models still uncertain 
–  Impacts models very uncertain 
–  Emissions trajectory even more uncertain 
•  Statistical analysis of past trends 
–  Limited to range of past experience 
– May be confounded by other trends 
–  Different responses to anomalies and trends 
•  Empirical studies 
– May be ecosystem specific 
–  Difficult to create realistic treatments 














































Hayhoe et al. 2004 PNAS 
Latest results for California indicate 
profound warming by 2070-2100 
PCM                      PCM                      HadCM3               HadCM3 
Low Sensitivity Model                               Medium Sensitivity Model 
Low                      BAU                        Low                        BAU 
Emissions                                                       Emissions 
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             Warming  (ºF) 
Source: Mike Dettinger, USGS 
Sierra snowpack 
•  Medium sensitivity GCM (HadCM3) 
•  April 1 Snowpack 






80 Business as usual emissions: 11% remains 
Low emissions: 27% 
remains 
Hayhoe et al. 2004. PNAS 
LOW BAU 
Changes in Vegetation Distribution 




Change in Total Cover (%) 






Evergreen Conifer Forest 
Mixed Evergreen Forest 











PCM HADCM3 PCM HADCM3 
Wine country Optimal (mid) Impaired Marginal Impaired Impaired 






Central Valley Marginal Impaired Impaired Impaired Impaired 
Wine Country (Sonoma, Napa Counties) 
Cool Coastal (Mendocino, Monterey Counties) 
Northern Central Valley (San Joaquin, Sacramento Counties) 
Based on approach of Gladstones, 1992. Viticulture and Environment. 
GCM scenarios 
•  Still substantial uncertainty in climate models 
•  Emissions path is overwhelmingly important 
•  Substantial impacts on any realistic path 
•  Profound warming under some scenarios 
•  Huge impacts through water resources 
Long-term, difficult-to-reverse consequences: 
Ocean acidification 
Caldeira & Wickett 2003 Nature v 425 p 365 
Photo: Milwaukee Public Museum 
Responses to experimental climate change 
•  Many experiments with CO2, 
warming, fertilizer, biodiversity 
–  Few with realistic combinations 
•  Doubled CO2 typically increases 
plant growth 
–  10-25% in crops 
–  10-20% in wild plants 
•  Effects of warming and multiple 
factors more complex 
–  Plant growth may increase or 
decrease 
Potential for indirect effects 
Elevated CO2                grass 
     grass                        wildfire 
Smith et al. 2000. Nature 
Responses to experimental climate changes 
Elevated CO2 1998 Control 1998 
Jasper Ridge Global Change Experiment: 
1997- 
•  4 components of global change 
–  Warming 
–  Elevated atmospheric CO2 
–  N deposition 
–  Increased precipitiation 
•  How do ecosystem responses to realistic multi-factor 
global change compare to responses to simplified 
conditions 
•  How are ecosystem-level responses to global change 
partitioned between plastic responses within species 
and changes in species composition? 
•  What kinds of responses are missing from the global-
change models? 
Experimental design 
Circular plots, 2m in diameter 
Experimental design 
Circular plots, 2m in diameter 
Plots receive infrared radiation 
from ceramic heaters 
Experimental design 
Circular plots, 2m in diameter 
Plots receive infrared radiation 
from ceramic heaters 







Circular plots, 2m in diameter 
Plots receive infrared radiation 
from ceramic heaters 
Atmospheric CO2 enhanced by 
FACE technique 
Plots divided into quadrants 
Nitrate and precipitation 
increased by quadrant  
3 topics Plant community diversity and composition 
Reflectance-based 
measures of canopy 
greenness, NDVI 
Net primary production, NPP Soil moisture Trace gases 
Biodiversity 
Biodiversity effects of realistic global changes     
JRGCE, 2001 
Zavaleta et al. PNAS 2003 
Empirical climate change 
•  A wide range of surprises 
–  Little carbon storage 
–  Pervasive effects of 
nutrient limitation 
–  Stimulation of weeds, 
allergen producers, and 
poison ivy 
–  Interactions with 
biodiversity 
–  Interactions with 
herbivores 
–  Increased susceptibility to 
disturbance 
From: Duke FACE expt. 
We know 
•  Recent climate change has had very clear 
effects on ecosystems in the West 
– Natural & managed 
–  Land & marine 
–  Some effects with the potential for slowing 
climate change 
–  Some effects with the potential for accelerating 
climate change 
•  Potential for profound future effects 
–  Crucial role of emissions path 
–  Crucial role of interactions with water 
Interactive effects still poorly known 
• Ecosystem responses to climate occur in 
the context of diverse anthropogenic 
forcing 
– Land use, biodiversity, invasives, water 
development, … 
• Tendency has been to try to isolate 
responses to climate change 
– Really need to understand climate 
responses in context 
Interactive effects 
• Effects of increased water demand on 
instream ecological uses 
•  Plant and animal migration in a highly 
fragmented habitat 
• Climate-change responses of pests and 
diseases 
• Ecosystem conservation in an era of 
rapidly increasing demand for biofuels 
0     1     2     3     4     5     6     7     8     9 
Temperature increase 

